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Aramatic Flectrophilic Substituticom by Bydrogen. III. The Acid-Catalyssd
Docarbaaylation of 2,k,6~Trialiylbensaldekydcs.

By ¥. M. Schubort apd Rolend E, Zahler

Ths rets of dacerborglation of mesitaldeliyde was determined by a
gascostric method in 70 to 102.9% sulfuric acid at 100°. The kinstics
in 70 to 96% sulfuric acid is fairly consistent with tho rete-contralling
step being a unimclagular rearrenmment of the coajugate acid; vut the
decline in rate in 96 to 1008 sulfuric asid and the effect of added
salits is explaimable oly in ter=s of roactions of highar malacularity
othar

R

involving uns o moro solwatl spscies. The pessibllity
scid-catalyzad reacticns uhich appear to be unimalacular in the glow
stap actually being polymolecular is discuzsed. The cayparative ratses
of docarbanylatdon under comparelle cundliims of mesiteldehyds, 2,46~
tristhylbonzaldehyds, ami 2,l,6~triisoprorylbensaldehyde are 1th.1417.7.
od or more steric factors ars aprarently being exarted.



Introduction
Certain aramatic aldehzdes, particulsrly those with artho o para hyplrayl,

mothaxyl, < metnyl sroups, were shawm by Bistrzrcld end coworiers to give vary:lng
Yialds of carbm monaxido when treated with hot cancentrated sulfuric acid The

A DD T S

1) A. Biutrmld and li. Fellmamm, Ber., 43, 772 (1910); A. K #rzycidi and L.
Ryncki, Coem. Ztg., 36, 403 (191Z).

orgrmde products of the reacticn wors not characierizsd o identified. There are
alzo nmumerons irstances in widsh an aramatic foarmyl group is replased by an electro-
phidlic reegent o:lLar than hydrem to yisld carbom mopoxide az a gassous prodeet., For
axample, bronination of salicylaldelyda gives 2,l,6-tribrcmophencl and carbia
mmoﬁ,deez Fany gxamples are known in which a formyl group bas bsem replaced by a

(2) 4. ¥. Francis and 4. J. 23, Thio Jownal, LS, 296 (92k).

.-

nitro g'c:up.3

(3) See for example A. H. Scisvay, J. Chem. So:., 95, 1155 (1939) M. 2. de iunpas,
Rec. trav. chim., 45, 19 (192A)3 J. van Alphu, :Lbid., 46, 155 (192 )

e e -

In these laboratoriss it has been found that 2,4,8-trinliylbensaldehydes, when
heated with strang acids, zive carbon monaxide irn ssexrly ‘qeant:‘l.tative yleld. The
symetrical trialkylbenzone is the othsr product exespt wndsr comditions thgt glve
sulforation of the hmirccarbou. The oversll reactica appeared uvu be eleotrophilic
replecement of the formyl group ‘v hydrogen {equaidon 1). It would thus be an
axanyie

AGIO + B+ AxH + CO ¢ B Q)

of the aramatic slimination reaction and farrslly analogoug to aramatic decarbogyla-
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tion* and doac;1: vien.” A kinetic study of ths reaction wae undertaken, since tbe

- s Oy ¢ GBS

(L) Y. M. Schmoert, This Jowrnal, T, 2639 (A9Ly).

(5) W. M. Schubert and H. K. latcurstta, ibid., 7, 1829 (1952).
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svoluticn of carbon monadde provided a cu..venient means of folloawing the reactica.

Experimental
Iiterdals - The 2,k,6~trialkylbensaldehiydes wers praparced fram tie caresponding
1,3;5-trialkylbenzones by o mthod of Fuson amd cowcrkers™ and frectionatad tirough

(6) R. G, Fusam, K. C. Horrdng, S. P. Bowland, avd i, L. Ward, Org. Syntheses, 23
57 (1943); R. C. Fuson, E. C. Hoenlng, K. L. Waxd, S. P, .u%“mv—f., .
Marsh, This Jowrnmal, &, 31 (19L2).

a 23 ir. t.:sted vire gauze colum. The aldohydos had the followdng propsrtiess

mesitalean;ie, b.p. 120-122° (15 m=.), 225 g 1.5503, o.p. 8-9°3 2,L,6-tristhylbens~

aldeliyde, h.p. 132-133" (9-10 ma.), g2 D 1.8322; 2,4, &-triisopropylbersalishyde,

b.p. 126-225.7 (5 mn.), n®° D 1.5038.

Sulilaric acid and methanssulfonie &sid solublions ware pade up as px-evioua:‘g.g

Phospherus rentexdde, C. P., wac mixed with C. F. (354 phccphon:\: acic tc cbtain 978

phosphcri: acid, Sodim sulinie, C. g, s vas dried at 210%; C. .I:. amonivz suifate

and sodimm dihydr-tew phosplats wero driad in a2 waomum desiccator over potassium

hydradde pellsts.
Rinstic MHethod - Par most of the runs the rats of rescuion was fallowed by

detarminine the rate of surbon monidde ovalution Yy the gasmetric method and in
the apparatus previously used for carbon diaxide evo:!.ma:!.m.h In these runs 0.2 to
0.3 g. o« aldehyde was diseolved ir 10 ml. of the mineral ecid solutiem, to glve

about a 0.1 oolar sclution. In a fow of the rune in which soms of the evolwed gas
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wag acidic an ascarite bulb was placed rear the suriacs of the sclution in the gas
collecting apparatus.

4 fow of the rate constante wore determined epactroscopically. A saluticm
aboat 3 x :LO"‘S ralar in aldshyds was beated at conatent temperaturw, Sarples ware
withdrawn periodically, coolsd quickly, and tho umliéraviclet abzorptlon spactra de-
termined at roam temperature in ths renge of wave leagths fram 250 t9 350 my,

First arder rate constants were 9btainsd from ths slope of the best siraight
line through the pointe in a plot of tdxe va, log (Ve ~¥), whore V i volume of
carton menoxide, or & plot of time wr. log (Dw -D), where D in optiosl depsity.
Points 2-3 min. after the start of the reastiom (tim2 for solution f sample and
temperature equilibrinmm) and past 95% reasticn were not comsidered. Sircs mmay of
the runs were sl amd others camplicatsd by very slow wxidation of the pruduct,

Ve was caloulatad by adding 1£ to ¥ at the time of 79% reactian (tmaé.é‘lxt%).
In Fig. 1 is shoum a first order plot of 2 typdesl run. In genarel such & plot

was slightly concave upwards in decarbomylations of mesitaldehyde and 2,L,6-triethyl-
benzaldehyde and conwex upwards with 2,h,6-triisopropy! benzaldelyds.

Produots of Decarbonrlation ~ e gas resu? ling fram the reaciia: of mesitalde-
hyds with 858 sulfurisc acid was shown %6 be carbom mancxide by ebsarption in enprous
sulfate S-maphthol soluticn. In the kinatic rurns reparted below the normel ylelds

of gas fram the trimsthyl, tristhyl, and triisopropylbenssldeliydes vere, respectively,

99%, 97k, and E. Not over 3-4¥ of this gas was sbsarbad hy potassien hydroxide

until it was attempted to run the reaction in sulfuric eeid above 100X smcentraticn.
4 insoivble hydrocarbon layer was produced im o lowar comosltsubions of sul-

feric acid. The highest ocncentratiom in which ite farmation oculd be cbsaxyed

was 85%, 90f aad 93% HaSQy for the trimethyl, tristhyl and triisopronyl aldshywies,

respectively. In larpsr-scals rums, abowy S g. of aldehyde wus warmed with 50 xﬂ;

of acid; ke reeunlting hydrocarbon layor was sepsrated, washed and distillsd.
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lesitaldaliydc guve an 09% yleld of mesitylone, b.p. 162-164°, EZB D 31.4970, dinitro-
derivative, m.p. 05~86.5%; 2,l.6-tristhyibonzaldalyde gave an 81% gield of 1,3,5-tri-
etliylbsnaone, b.p. 210-215°, ?}.25 D 1.4530, trimdtradorivative, m.p. 1311-112% 2,4.C-
triisopropylbenzaldchyde gsve a 708 yisld of 1,3,5-trifsoropyibenzene, h. p. 23-235%
o2 D 10660, nitrafertvative, m.p. 73-73.5°.

Ir the more concentrated s@hltimﬁmlsww, no hydrogarbon serarated
fraa the roaction mdxture; promumably, trisllplbansensgulfenic acdds were produced.
Cansiderabia charring todk place whon the decarbogylation was alaw relztiwe to aride-
tion of products, as in 96 to 10T sulfuric asll aad in smilanesulifoamic acid.

The Suvifametion of Hesitaldshycs ~ Mssitaldelyds (1.9 z.) in 30 m1. of 202.9%
sulfuric acid was chaken far tiwes haubs at (0°. During this peried ocnly 50 =l.,

16% yield, of carban monaxide wag collsctad. The acluticn then wes added with
rapid stirring to 150 g. of ico water, filterod through a cintered glass funnel; and

the filtrate peutralissd with solid soliue sasixaele. afior seweral hours, the
precisitate wes colisstec by suction filtrotion, dry woight 2.15 2. The material
was rocryeilalilscd from wvaler and drisd iz & wemm dosicsator over phosphorus
pantaxide. Tho yicld of white powder, mresumebly sodiwm 2,L,6-trimethyl-3-forryl-
benzensauifonate, was 0.80 g.

Anal. Calcd. far CyoH110eSMas G, 47.99; By L.U33 Re, 9.15. Found: C, L7.79;
H, 4.45; Ha, 9.20 (tlorcamalyses by M. B. Taylar).

The pg of llesitaliobnle ~ The pEe of mesitaldslgde was detormined speatrally in
the ultra-viciet at rocm temporature by the method of Hasmett, Flaawer, and Dingwall.!

(7) L. P. Baumett, L. A. Flexser, axd 4. Dingvall, ibdd., 57, 20 (1935).

n.".'-

The spsctrun in the mange 230 to 350 & in wardous concemtratiomes of sulfuric ecdd
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vas measured (se2 Fig. 2). Twc methods werc used to oalculato the pi;. The first
of thoso involved loast squaros soluticoe of aquaticm (¢) in two unimowms, Kg and
€pr®. Dopation (2) was solved at a particnlar wave len:th ir several stren ths of
acid for witich values of &g and h, were knam. The wave langths shoson werc in the
rozien in waich the €5 cuirve (the referenco cwrve is 6,28 sulfuric acid) wos rela-
tivoly Tlat, and hence the rmdium effect of a lateral shift in spectrun smeil.”

The partinent spretral data and the caleulated values of pSg are given in Table 1.
/ \

Ka*fm’(ti%?)'(z}%?) «0 (2)



Table 1

Values of extincticn coafficiomt (€ x 107) for
Mositaldehyds in HaSO¢ ~ water ydxtwras at rown teomp,

£ 150, Sain. of -
P : st - N (MHg)s SO, in
Nmpg) 3.2 ho.2 $1.2 55.9 60.; 65.6 70.2 75.2. 304 8.8 90.3 100,0 100F 1-1/25C4

0 13 .62 .85 .30 1.79 2.26 2.42 2,62 2.56 2.55 2.75 2.4 3.10
330 &7 1.26 1.6: 2.2 3.09 b5 5.85 T.77 9.75 10.87 12.80 13.17 12,14
320 1.2 2.37 3.1 L.58 7.32 12 16.6¢ 2.25 25.4 26.6 29.05 29.1 27.7

310 2.15 3,60 L.90 7.29 128 17.39 A1 23.25 25.45 4.7 25.8 25.25 25.L

300 2.58 L.73 6.2 8,59 1.69 15.18 15.87 15.97 15.22 13.83 .61 .07 .23
290 3.92 7.63 9.03 1044 1.5 1n.27 9.49 7.92 6.36 5.50 5.28 b8 §.56
230 9.33 12.65 13.02 12,73  11.29 8.25 5.35 3.5 2.1 1.79 1.56 1.57 1.97
770 31h.02  13.37 12.51 11,00 B.58 5.20 2.83 1.57 S G o SR o523
266 11.50 3.96 7.42 6.37 k.71 2.56 1.1 01 .21 .36 A 25 .37
230 6.6 k.31 3.16 2,90  2.24 1.34 .81 Tl .70 .56 .57 Jih .69
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The iscbostic point methad’ was aisc used o determine pg. 7The curves of
Fige 2 wera arbitrarily shifted to intersect at 230 mp. Equalicn (3) wus than
solvad at several wave lengths for each concentration of sulfuric agid. Tis caluula-

tions am suwmwrized Sn Table XX.
€ - € pnyt

pha = I '1“@2%‘7"“““”“?“?— 3)

Table II

= 2P ——
-p¥y Values for Mesitaldshyds Computed by ihe loast

Squares Fethod of Flexser, Hamwett and Dingwall

% HgS04 s—,
m Eq. 51.2 55.9  60.h  65.6 70.2 < S.1  Ave. Dav.
L2 L7 h22 L3h LS5 7 Lo I3

"~y

330 2 L.59 .65 L.78 L.99 5.22 L.&y L.& .20
320 2 .78 L7 L83 L9S  5.a4  L.79 L8 .1
310 2 L.53 4.53 L.57 h.& L1.75 L.62 L.61 .05
200 2 b.18 k.17 k.16 3.90 3.8h .16 L.o7 A3
280 3 5.13 5.22 5.0 £.06 5.3 S.34 5.17 .08
270 2 L.48 L.y .56 4.65 L.72 4.53 L.857 .08
260 3 L.81 4.5  L.% .63 4.80 511 L.Th A7
250 3 L.k L.ee  Lilo 4.47 4.19 3.75 k.32 23

Average L.G .26
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Table IIX

-~ Valuss fr Nesitaldshyde Computed
ths Iscbestic Paint Mothod

% BeSQq
w 5102 55-9 600h 6506 70.2 7501 Ave. Dev.
320 L.46 L.Lo L.56 L.62 L.81 4.59 % )

310 L4.60 .63 L.72 4.87 5.1€ S.3% L.8% .25
300 4.57 4.58 4.67 4.85 5.17 5.38 L.87 .27

230 iscbostic point

280 4.73 L7273 W77 L8 h.92 5.13 L.6s 32
270 .88 4.84 4.88 5.0 S.23 L.s7 .10
260 b.93 L95 5.0 5.33 5.08 26

Ave. 4.59 L.66 L.75 L.83 5.03 5.28 4.88 A1

v 4 ,

Avwrege of all valuess 4.87 £ .20
(aitting 758 BaSOet L.79

3

The upward drift of -pKgq with incressing ¥ HaSO4 can be relatsd tc the
mediun offect oo GBB’ If the reference cwrve for spectrun of B8 ware dis-
placed to correct far this, it would tend to diminish the amount aof drift,
at loast vetween 300-320 m.

e e e . ewe e S i i 07

»4 s of 3
) “rg
oY) ‘:li' J"
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M. Awswan oS = 3
The Aporoadinate Bosleities

iR
o

J11;6-Triothviberaaldehyde and 2,4 ,6-iriigcnro-

Trabonzaldeigde - The pEy values for thsse o aldeirydes was nut acCurziely doter-

a
wined, Wt tholr spoctrme-al room tacmorature in a fov concentrations of awlfuric
weré
acid wes detarnined (Figs. 3 and L). It can be seer by an iuspsction ¢f the spectra
that 2,4,6-tristhylbengaldehyde and 2,4 ,6~trilsoprop; ibensaldalyce are of a

A A%

wout the
same base stron:th as mesitaldohyde (sec Fig. 2) amx that ther are apparently om-
pletely ionized to BE' in 80 % sulfuric ocid.

Kinatic feoults
Decarbonglation of liositaldeigria = licet ol the kinsiic runs wore mde oo mssit-
aldeiiyda. The effect of different acids, added salts, temperature, and conceniraticn
of aldehyde were studied. The resuits are summarised in Teble IV.

Tabls XV

Decarbanylation of Hesitaldehyde

4. Iffsct of aldeigda Comcentration in 83, 9% H80 at 100.0°
Canc. of aldehyds, moles/litor 16° k \'.eec..l)
0.06 1.L0
0.13 3.37, 1.38
0.25 1.27
B. Effect of Temperature in 84.9% H:S0¢
Tamp., °C 103 k (sec.“l)
80.¢c o7
9003 oawé, 0-“67

100.0 1.37, 1.36
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Table 3 (et g)
C. Effect of Comcantration of HxSO4 &t 100.0°

5 HpSQy 10 k (s00.7Y) Tield of gas, §
7C.0 .47, 0.47 99, R
72.7 0.768, 0.7 100
75.0 0.937, 0.938 100, 99
7.7 1.2, 1.07 100, 100
£0.1 1.28, 1.27 100, 93
82.9 1.34, 1.30 100, 101
8.9 1.37, 1.38 96, 100
8?56 1. ’ ls!"'g 9,9; ”
gg.é :31“ Lg 96, 98
a3. 1.5 s 57
96.0 iy T ) e
90.3 1.mb Q- .-
1m.l Qia" O.&L %, W
100.4 0.8 = less® 63
1&-8 1.%’4 37’3?
1&.6 e ].3
1&19 - n
D. Effect of idded Salts in 1008 HgSQe at 100°
Salt Holar Cawentraticn 10° k (sea.d) Yield of gus, $
(3e) S0 0,28 2.8 9%
2m.§§5: 0.8 126 %
(1, ) 2504 1.4 1.40 -
(rm.g,so. 2.8 1.k0 o
(e ) 2508 L4.25 0.88 o5
Ha 250 1.2 142 97
M;m‘ 1-'51 103'1’ e

2,l;,6-Tristhylbensalcohyds - This ecmmound reactod mare rapidly than mesital-
dalyde as shoumn in Teble V. Qas svolution due to addation of tristhylbenssns had
tu be taken into acetunt at concontraticne of sulfuric zcid abows 908,
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Table V

T

Nacarbonylation of 2,4,6~{rietigibansaiiehyde
d. BEffact of Terperaturs in 8. 9% HaSQq

Texip., *C 10%(sec™?)
80.0 b, .84
90.0 1.77, 2.76
100.0 b.T1, 4.73

B. Effect of Suifuric Acid Conveatration av 100°C

£ S04 10%k(soc™}) T%e2d of gus,f
7.5 2.87, 2.89
60.1 3.90, 3.79 97
82.5 4.53, L.36
8l.9 k.7, 413 9
é 87.5 L.72, 4.73
90.1 4.5, b.6* 98
93.0 3.1*
9.0 2.7 1@ (99)°
100.1 % i 99 (96)°

2 patimatad aftar carrecting for cxidaticn of tristhylbentens.
b With en ascarite trep.

Docarbanylation of 2,4,6-Triisopropylbensaldebyds ~ This aldehyde was the most

reactive, and most runs weruy mede at §50°. The rosults are sumarised in Table VI.

o ety e e - R, 3PS A € VI S 1 AP AR S e

T e e S R S

e
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Tables VI
Decarbonylaticn of Z,ij,6 -Triisopropyivensallatyas
A. Effact of cancentration of K804 &t 80.0°

% HuS04 10k (ses. ™) Tield of gas, %

8.9 2.6, 2.6, 1.7® 94

87.5 2.7, 2.6

$0.1 2.5 o

93.0 1.8° 8s

96.0 1.0° 66, 69°
100.1 0.5 sk, 90°
100.1 1.40° -
100.8 0.3 96, 61°

8 5.5 ml. of 1,3,5-tciiscpropylbengens added.
D Carrected for yiald of CO avd mddatian of product.
C gscarit: tubs abcve meacticn surface.

d ¥a50¢ 2ddad to a cancentration of 1.k molar.

Decarboavlaticn and Desulfomation of Mositaldshydo-3-Sulfonic Acid - The rcac-

tion of resitnldghyde-3-sulfondc ecid with sulfuric acid, studied spectroscopically
(862 oxperinarial) mave the fallawrinz resulis:

In 100.0% sulfuric acid, A o = 310, K psaryea &t 200° = 0.06 x 16~ sec. .
For mesitaldetiyds, by ths same msthod, kg, = 0.64 x 107,

In 90.3% sulfuric acid, A, = 308. The reacticn at 100°C. shows an induction
period, and is slowcr throughout than that of masitaldebyde itself. This result was
confirmed in & gascmetric run -- after 30% of the total gas bad come off, the first
order rats lew vas cbeyod with kg, . = 0.73 x 1072,

In 70.2% sulfuric acid, at 70°C., the spectral changes shown in Fig.S wer:
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noted. O(riginally, "\'ma.g = 275 m, but as the reaction progresses 2 new absarption
poak at 310 m supplants it.

These cenelusions may roasomably be drawns (1) lesitaldsehyie 3J-sullcnie scid
decarbonylates cne-eighth ac fast as mositaldeliyde, (2) Hesitaldehyda 3-sulfonic
acid desulfonates in sulfuric acid of 908 stwrength end balow, forming maﬁ.t&ldehﬂa
which thon decarbarylates, end (3) Mesitaldehyde 3-sulfomic acid is a much weaker
basc than mesitaldahyds. -

Decarbanylation of Farmic Acid - To determine if formic acid is « possible

teniedlate in the decarbonylation of the trialliylbonzaldehydes, its decarbomylation

under the same caditians was siudiad. The {ollowing rate constants vwere cbtained
at 100%: 11 70.0% HaSO4, k = 0.34 x 1073; in 75.0% H.50q, k = 1.5 x 1073, Apparently,
formic acid cannot have veen an intermediate.

Discussion
are
Mechanisn of Decarbonylotion - In Fig. 6 i ploited the changes with parcent
sulfuric acid of the first crder rate comstants for tho docarbomylation of mesital-

isepropyl
dehyus, 2,k,6~tricthylbenzaldonyie and 2,4,6-trisbhyiboazaldshyde. A maxirum in

ratc is ovssirved for each aldehyde @lthough the shapes of the amrves diffzr fxrom one
aldelpnie to the next. Of tho three aldadydes, mositaldelyds could be studied over
a wider range of sulfuric acid concentration because of its greator solubility.

For it; the date up to the pceint et which the rate beging to drop off approciatly

controlling stor hainz a unimnlamlar resrvangement of

=, =iy = =T LTS ST

the cunjugate acid (mechanism II).
+*
1. fast equilibrium: ArCHO + H* (from medium) %= ArCHCH
(B) (ed*)

4
T1. slows ArCHGH XA, ArE « CO + H*
(")
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Fechanism 11 ma‘prcpoeed for the acid-catalyzed deacylution of aramatic
kotones® and tiig Laon testol by the eanstancy of tho sum of equaticn (J) derived
fram L Bransted rats oquation (2).

: R

Y= ka [BH’]§+ (2)

k = z n '] £B’l+

=" [BTe(EFy = T T+ (3)
Also

- n?! f; - 0,

5_81_(.32(,&’3: -'lg*“’z'f..,‘\iiwxv‘x(-?L (L}

lanco e Strt 1 * 2B

v £ = cowat.® (§)

£,
log k + g ~ log 4%;1‘7 = const., assuning Istar /L

(8) Tiis sart of assumpticr was first muce by lammott, c.f. L. P. Bamoett, "Fgyuical
Crzardc Chonmistry," HMeGraw-I41l Dock Co., Irnc. lew Yark, L. Y., 1940, Chaptor
nl

- - R w0 o ape e

Qr, assuming &m+/£tr+ = cor.st«.s

- ot 2 o -5 g0t o
And
log kz = log k + log LBJ* Q)

Equations (6) or (7) are moro comvoniert to use when [BE'] is large rela-
tive to/BJ. This is the case with mositaldehydo which is largely in the forn
of its conjugate aciG in 80F sulfuric acid. In T:ble ¥II are telulated the quan-
tities kz and log ki for the decarbumylotion, values of the ratio ([B+ 'y ) fa
being obtaired from the mesasured pKg (pEg = -i.7) and equation (3). For corpora-
tiw purpcoes, valucs of .15_5 and log ;l_:_; for the Jeacylation of 2,6,-dimothylaceto-
pbencms arc included.
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Table W1
Values }{a ard Log Kz far tho Docastunylaticn of jwsitaldehycs and Qo

of
Mwacylation of 2,0-Mimuthylacatophenono.

Decarbanylaticac Descylation
S [udwzy. forh 10, g s W/m .oy 20% ios is
70.0 .08 0.5 ~3.27 - — e
7.7 93 0.75 =3.12 .a 0.31 ~3.51
75.0 .97 0.96 -3.02 R 0.42 ~3.38
7.7 .98 1.12 2.95 .05 0.5 -3.29
80.1 .99 1.26 «2.90 (9 0.55 -3.26
82.9 1.00 1.32 -2.88 .19 0.56 -3.25
&..9 2 1.35 -2.87 L0 0.50 -3.24
87.6 . AN -2.84 57 0.66 -3.18
90.1 . 1.48 -2.83 .70 0.72 3.2
93.6 s 1.5, -2.81 .83 0.7 ~3.13
96.0 i 1.42 -2.85 .52 0.76 -3.12
96.3 J 1.0 -2.59 —— ——— -——
100.1 n 0.58 -3.2} - ——— e

It can be seen that k2 fa tho decarbonylation of mesitaldehyde i roaswunably
canstant i tha rezian 76 to 96% sulfuric acid. Furthoarmore, g_a’ and log 5{ aro
as conctant {or the docarbanylation as fur the doacylotion. Indeed, log gﬁ is

a constant as is tho carresponding logaritluric sun of equatice (8) for muny othar

roactions far wiiich a undmolscular mechanian such as II has beon assumed to
preva:n.a’9 Bquation (8) is equiwalant, of course. to tho moro mmnerel wquution

e < © G

¢) L. P. Hamett and a. L. Deyrup, This Journal, ?_f, 2738 (1932},

R

SRR




- 16 -

(7) in rogicrs of negligible EI° comocantratiar.
1oz k + Fp = Const. (8)
althioush tie unimlecular mechanisnm IT fits woll for decarbonylaticr of
mesitaldehyde in up to 962 sulfuric acid, it Coes noet account for tho dscling ip
rate eyaw that point. Tho doviation fram comstuncy af kg in tho Lichor persen-
tage of sulfuric scid cannot bo mado attributablo to an orrar in piy as cald the
deviation in 70% acid. Nor can the docline in rate bo attributed to prior foma-
tion of mesitaldelydesulfonic acid followed by its slow decarbonylatim (sce
Rinetic ilesults). Instoad, it 18 suggocted tnhat the declins im rato, widch occurs
in lawr perconta s of acid end 1o mero markod with 2,4,6-triothylbenzaldeigde
ap? 2,L,5-triigopropylbensaldehydo, 4s due to changos in tho concontratiom of ane
ar narv salvent specios wirdeh participete in tho rats-cogtralling step. This
step thus ray bo dimolecular csach as III, or tormolecular such as TV. Cl Topre-
sants any base (0.z. Hz0, SOy, HaSO,) and Ay any acid (0.2. HaO', HaSQq, HyS0,")
effective in the ruactiom.
. e cy K05, arm e cO ot
rato = ag * Z"C.i. {C] i_?i._’__ - (8" ]y o [4:0) far Lo« %-

—vx‘i +

Lep
it f‘, + foren = s /1
Ayp{55007] A v kso, 80 B S0 ']

(10)
R ky
V. Bod +Cy v a =) luuocguaj(-a)*-o- co
ratc = agy ’%1[03][;]&1&
S -

. For mochamisn 111 to prevail, tho quantity g_ggd [ci] of oquation (10) must
decline in hipher peroentages of sulfuric acid and romein relatiwsly constant in



the lowor percentases (ncglecting activity coefficient torms). Mochavism III ean

e mmtvdh foen Ll SamT e L 3 w';‘

acscouny & e ao o Rk w dha e ddeanw uosmannd A s n" --01‘\0%-5“ ﬁn‘ﬂ

~ ] [N
VG bli VST AAMEANVE  [AUA WVARALAA Wb ——y  jaa e

vided ky o, is small bacause of the wcakness of HzSO. as a baso, since (H0] and
[1#5047] are both declining. The diffarences in the shape of the curves of Fig. 6
for 2,k4,6-triethylbenzaldehyds, 2,4,6~triiscpropylbenzaldehiyde and mesitaldehyds
ecan also be acaoounted far sires tha relative walues of k7,00 knsq, knen ~. and &’3&
would not be expected to be the same for the (hree aldelides. In the lower per-
cantaces ci‘ sulfuric acid, zhci [ci]ﬁculd be censtant provided lyso.- is groater

: than Ig; 0 (neglacting the tam~f.uv01v:ina ?ﬂasoq.) gince [IIaO} is probably increasing
more ranidly than [HSO4™] io decreasing in lowering percontages of sulfuric aczid
below mono-hydrate strength (84.5%).

For the "temncloculer” mechinisn IV to prewail, tuo quantity §lkig [ci]{e,‘j]
mist be relatively constant in lower acid concentrations and dsclining in the region
betwsen 85 and 100% acid. The mmber of terns in the sumticn is reduced if
attention is confincd 40 regicans in which ths solwent iondzation oceurs »nrincipally
accardiny to equation V, wit! little VI (i.e. below ca. 99.7% sulfuric acid). The
maber of terms can b reduced still further farzngiens:hzshich torrie invalving
H.SO, functicning as a baso are small. Equation (11) then roduces tc (12), if
tho activity ccafficicent turms are noglectoed:

rate = /O] E’:!;o,ﬁ._, o [1,0]130] + &y 20,H 80, [120]/Ha504]+ &sm»’:,sog{so;][uao*]

* Kmo”uzsti.[modﬁ‘asmf / (12)

It i¢ not unlikely thet the qusntity in brackete in e-u~tlon (12)
decrerger with incre-ning sulfuric acld strength beyond f4.5 4 (mono-
hydrate) since the geprrate terms would appenr to be changing as followe:
the firat term decreasing, the gecund and third terms changing in the same
airection (since [He0] [HaS04] = E [Hs0%1 [HB50,”]) and decreasing; and the

fourtt term decreasing some, A proper brlance of rate constants and
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concentration termas could account for the relstive conatancy of X} up
Yo the onncentration of acid in which ths rate begine to decline., In this
region, the geparate terms in brackats appesr to be changing as follows
with !1creraing acid strength: the first term decreasing, since [Hj.] is
decreasing more rapldly than fK,O*] is increasing; the sscond and thi-i
terme incrensing proportionately (with the second term vprabebly small);

the fourth, probrbly smnll though increasing,

Hot only is the appoarance of a moximum in the rate inaicative of the parti-
cipation of sclvent specics in tho rate-controlling step. The effcet of added
sadts (Tabls IV) 'alsc supperts the vicy that = hese participates o5 por a meche-
anism such as i1i o IV. Tho addition of bisulfate ion in tho fam of axendun
ar godiux sulfatc to 100% sulfuric acid enhances ths rate, indicating that bisul-
fate im participates in the rcactimm. In fact thoect salts have a groater eifoct

- w to 2 uwolss of added sulfate por liter than the equivalent anount of watsr in
enhancing the rate. Iiis pay indicate incamplote icnization of tho water C to

(10) H. J. Gillespic, J. Chem. Soc., 2493 (1950) cancluded fram cryosconic
meagurcmonts that tne ionization of water lacks &% of boing camlete in 1008
suifuric acid.

Ha0" aml HS04~ and that bisulfate ion is a marc effcctive bass than wator in the
roaction.

The decroased effectivencss of armmonium sulfate in four nclar concentration
(Pig. 7) is worth noting. This cannot bo attridutod to any approciable decrease
iz AvCHH' concentraticn for the adcition of the ammonium sulfate causod no appro-
ciabls change in the ultre-viclet gpectrun of the sclutian (oo Tabls I). It
may mean that tha addition of that mmch salt has lamered tha concontration of

effoctive acld spacies for a rcacticn such as 1V.



PYossible lixtent of Bi~ or Termclocular dechanisms in scig-Catalysis - Other

acld-calalysed reactlcns horotefors consldered 4o procued by unimolecuiar mezc-
t1on?? of the cony gats acid, DH', may in actuality procsed by mechanisms such

as 111 or 1¥. The participation of polynolecular mechanisms my not have besn
detected because of a balanco im rate corstants ard concentrutions of solvent
gnocies. Fost of the reactione described have bean studied over a narrow range

of acid strength. Furthermore, the effoct on the rete-contralling step of changing
the mediur :ay have beon obscured in thess cascs by the large porcentezs chanpe

in {B8*] which ococurs when [Bi'] 13 amall rolative to {BJ. Tms by uay of con-
trast with resitaldebyde docarbonylation, tho addition of bases (wvatar, sulfates,
etc.) to 100% sulfuric acid rotards acid cataly,od decampositicn of malic acid;lhs®

(11) E. L. Jhitford, This Jourmel, 47, 953 (1925).

here the added bages inhibit icnization to BHY, covoring up the catalytic effect
of basic speciocs.

A detailod examination of the effect al clhanging medinm on acid-catalyzed
roactions in whicih ionizatian of the organic matorial to ' is camplets and ob-
sarvable over & wide range of acid comcomtration is being undertaken.

Comparative Rates of Dacarborylaticn - The cCmperative rates of decarbonyla-

tion in 84.9% muliuric acid at 80° of mositaldoide, 2 sl ;6-tristhylbanzaldehyde,
and 2,k,6=-tritacpropylbenzaldehyde are 1:4.1:17.7. In 84.9% sulfuric acid each
of tha aldahydas is practically camplately in tha o of the conjJusate acid
(PFigs. 2, 3 and 4). Furthermore the rate of decarbonylation in 84.9% sulfuric
acid i3 at, ar noar the rmaximm Yor cach aldehyde. Thorefare, they are being

caipdred at as pear camparable canditions as possible. The activation energy in
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84.9% sulfuric acid iz 29.1, 26.9 ard 23.8 far mecitaldebyds, 2,h,6-tristhylbons.-

- o . LS W | R T e - e Y P D2 o =] 1 i
aldeigua and 2,4,0~triisouropylbensalideligds (Fig. 8). Tho valuss ¢of the 4 facior

in 84.9% sulfuric acid for mesitaldehyde, 2.k4,0-triethyltensaldehyde, and 2,L.é~
= LA L]

tridscpropylbenzalcchyde are 1.5 x 18, 2.9 x 10%, and 1.5 x 10+ 3 the entropies

of activation are 3.9, 0.7 and-5.1 e.u. roapecti*.vcly.lz

(12) AS* at 80° was culculated using the equatiom, E{z -0 % 8- "Eeap./;ge ASTR

Cf. S. Qladstone, K. J. laidler, and H. Eviing "The Theary of rato Processes,”
JicOraw-Hi1l Book Co., Inc., New York, 194k, p. 199.

Tie rate and activation energy differernces appoar larye anough to warrant
cancluvions as to tas cffcet of the alkyl substitvents on thie reaction, The
alkyl substilusnts no doubt exert an electron rolcase affect to cnbance ths elec-
trophilic displacement of the farmyl Froup by a proten. 1hds elsctron relsase
effect in tho {ransition stite, presumbly at loast partiy uLyporcopjugative, should
be in the arder isopropyl € ethyl ¥ methyl which is, however, oppositc to the
effect of tihese groups on the decarbonylation rate. Tho operation of eteric fac-
tars, such as sugposted fcr the decarboxylation o mesitodc acid,h is indicated.
Firstly, tharo may be a steric inhibition of resomance offuct. Dipole
mapnt stidics hy Kadeschand Wollerdd indicato that resamance interacticn of ths

- oes; M > Showm mew

{(13) R. G. Kadesch and S. W. Woller, This Jowrnal, 63, 1310 (I9Lk).

carbonyl graup of mecitaldehyds with the ring is inhibitod but littlo, if at ail.
Hosever, more resomance inhitition may prevail in the onjuzate acid and siaould be
increased as tho bulk of tho ortho substituent is increased. Thus, tie larger
the artho alkyl grovp, the smaller ths contritution of structurss such cs I to %he



w 21 =

ctate of the starting conjugate acid. Tho conjugate acid will then have a

higher emeray (ths larger R is) relative to the tetraliodral transiticn stats of
which Il is a sterically unibhibited contributing structure. Ancthor sleric
function of the ortho substituonts may be to halp force tho roacting zwlecule into

& favored configuratict. for reaction (i.e. ths non-coplanar canfizuratien ouch as

11).
B 0 i
e B ¢e0
. +
+
R
I (inhibited) I (uninhibited)
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‘The Absorption Spectrum of 2,L4,6~Triethylhensaldohyde
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